Drug overdose is a major cause of injuryrelated death in the United States. 1 In 2011, the number of deaths associated with opioid prescription pain relievers was 16 917, 2 and an additional 4397 deaths were heroinrelated. 3 In addition to death, the burden of lost productivity and medical costs associated with opioid-related poisoning is $20.4 billion annually (in 2009 dollars). 4 The growing number of overdose deaths suggests that primary prevention efforts need to be strengthened and augmented. In an effort to reduce deaths through any means available, recent attention has focused on the ability of emergency medical services (EMS) providers to save lives at the scene of an opioid drug overdose. In addition to life support measures to ensure adequate airway support, breathing, and circulation, many EMS providers are equipped with an opioid antagonist medication, naloxone, that can be used to treat respiratory depression in suspected opioid overdose patients. According to 1 study, naloxone is the drug most commonly administered to adolescents in the prehospital setting. 5 Prehospital use of this drug is routine, 6 serious adverse effects are rare, and it has no abuse potential. 7 The drug overdose mortality rate rose 159% in nonmetropolitan rural counties between 1999 and 2004, compared with 54% in metropolitan counties. 8 Rural EMS, covering about 20% of the population and 80% of the land mass of the United States, 9 are starkly different from urban and suburban EMS. In addition to longer response times, 10 major challenges in rural EMS include, but are not limited to, personnel shortages, inadequate advanced training opportunities for EMS response staff, antiquated equipment (e.g., communications equipment), poor public access to EMS, and an absence of regionalized systems of specialized EMS care, such as trauma systems.
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Guidance on EMS administration of pharmaceuticals is contained in the national EMS scope-of-practice model. 12 States are free to create their own guidance and protocols; however, most states follow this model. This guidance limits basic life support personnel, including people certified as emergency medical technician---basic (EMT-basic), to assisting patients in taking their own prescribed medications and glucose and aspirin orally. Only advanced life support personnel are permitted to administer naloxone. However, basic life support providers can often be the first responders on the scene in cases of opioid overdose, particularly in rural communities. The availability and dispatch of EMS resources to the scene of an injury or illness is multifactorial and depends on the details of the emergency and anticipated resource requirements, available personnel and equipment, and location of the event.
In adherence to the national scope-ofpractice policy guidance, 38 states prohibit EMT-basics from administering parenteral pharmacotherapies. 13 In the 12 states that allow EMT-basics to administer naloxone, it is frequently administered intranasally and not by injection. In all states, only advanced life support providers are permitted to initiate intravenous access and administer intravenous medications, including naloxone. In cases of opioid overdose, if EMS providers do not have someone authorized to administer naloxone, the patient may be at a higher risk of death.
Recognizing this barrier to naloxone administration, some authors have suggested more widespread use of intranasal naloxone by non---advanced life support providers. 13, 14 Other researchers have reported that dispatching of EMT-basics results in underuse of naloxone. 15 EMS providers operate by following protocols for medical care and administration of Objectives. We determined the factors that affect naloxone (Narcan) administration in drug overdoses, including the certification level of emergency medical technicians (EMTs).
Methods. In 2012, 42 states contributed all or a portion of their ambulatory data to the National Emergency Medical Services Information System. We used a logistic regression model to measure the association between naloxone administration and emergency medical services certification level, age, gender, geographic location, and patient primary symptom.
Results. The odds of naloxone administration were much higher among EMT-intermediates than among EMT-basics (adjusted odds ratio [AOR] = 5.4; 95% confidence interval [CI] = 4.5, 6.5). Naloxone use was higher in suburban areas than in urban areas (AOR = 1.41; 95% CI = 1.3, 1.5), followed by rural areas (AOR = 1.23; 95% CI = 1.1, 1.3). Although the odds of naloxone administration were 23% higher in rural areas than in urban areas, the opioid drug overdose rate is 45% higher in rural communities.
Conclusions. Naloxone is less often administered by EMT-basics, who are more common in rural areas. In most states, the scope-of-practice model prohibits naloxone administration by basic EMTs. Authorizing these EMS personnel to administer naloxone to patients thought to have an opioid overdose will result in fewer deaths. However, the magnitude of this certification barrier to naloxone administration is largely unknown. Whether certification issues among EMS providers have a disproportionate impact on rural areas is also unclear. In addition, major signs or symptoms that contribute to a preliminary diagnosis of overdose by EMS personnel at the injury scene are generally unknown. In this study, we examined the factors that were associated with naloxone administration and that may assist states in reviewing policy on naloxone administration and reduce mortality at the scene of injury in the case of a suspected opioid drug overdose.
METHODS
We examined aggregate data from the National Emergency Medicine Service Information System (NEMSIS), which is funded by the National Highway Traffic Safety Administration. Complete or partial data contributed by 42 states are consolidated to create the NEMSIS data set, which contains demographic data, basic 911 call information, details about the scene of injury or illness, medications administered, and other variables recorded by EMS. The data set is a convenience sample that is not weighted to reflect national estimates. The 2012 NEMSIS data set contained 19.8 million records of EMS events, most prompted by 911 calls.
Identifying Relevant Records
We identified suspected drug cases in the NEMSIS data in which naloxone was administered by means of 2 criteria. We included the record if, first, the dispatch complaint indicated that there was a drug overdose and, second, if the EMS provider recorded the injury cause as a drug overdose. When EMS providers arrive at an injury scene, they use clues about the environment, information about the dispatched call, and patient symptoms to determine whether a drug overdose has occurred.
Cases meeting these criteria tend to be accurately assessed as drug overdoses, and other studies have used this approach. 19, 20 In this study, we included only EMS events prompted by 911 calls to capture events associated with EMS decision-making and eliminate hospital-to-hospital EMS transports.
Measures Used and Statistical Analysis
The independent variables of the study included demographic (age, gender), clinical (provider's impression, primary symptom), and EMS informational variables (EMS certification level and urbanicity). We categorized urbanicity into 4 different groups (urban, suburban, rural, and wilderness) on the basis of an urban influence coding system used by the US Department of Agriculture and the Office of Management and Budget. These codes take into account county population size, degree of urbanization, and adjacency to a metropolitan area or areas. This variable was part of the NEMSIS research data set. For a detailed description of code composition, see the National Emergency Services Information System, "National Elapsed Patient Care Times by Urbanicity."
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To determine overdose mortality within levels of urbanicity, we obtained injury summary data from a published source 8 and averaged opioid deaths by level of urbanization. For a measure of urban mortality, we averaged together the rate for large central metropolitan (large central metro) area and large fringe metropolitan (large fringe metro) area. For a measure of suburban mortality, we averaged the rates for medium metropolitan and small metropolitan area. For a measure of rural mortality, we averaged the rates of rural micropolitan and noncore areas. We visually compared these mortality rates with the odds of naloxone administration. All independent variables were categorical. EMS provider level is defined by NEMSIS, using the National Highway Traffic Safety Administration's National Standard Curriculum, categorized as first responder, EMT-basic, EMT-intermediate, and EMT-paramedic. The EMS agency provided the level of service of the highest credentialed provider for each EMS encounter. The outcome variable for this study was whether the EMS provider administered naloxone. We analyzed the factors that influenced naloxone administration in suspected drug poisoning events using a standard logistic regression model without stepwise procedures. The results of the logistic regression are presented as adjusted odds ratios (AORs) with 95% confidence intervals (CIs) and P values. We used SAS statistical software version 9.3 for the data analysis. 22 
RESULTS
We found that of the 19.8 million NEMSIS events, 15 794 779 were prompted by emergency 911 calls. Using our definition of suspected drug overdose events yielded 262 676 EMS events. Thus, approximately 1.7% of all 911 calls requiring EMS services involved a drug overdose. Among these events, naloxone was administered 16 250 times (6.2%). The most common primary symptom that led to naloxone administration was change in responsiveness (n = 9525; 59%).
In cases in which gender was known, drug poisoning cases were more common among males (46.2%; 52.4% among males and females overall; Table 1 ). Also, drug poisoning was more common among people aged 0 to 19 years (26.1%) and overwhelmingly occurred in urban areas (82.1%). The most common level of certification among responders was EMTparamedic (84.7%).
We used logistic regression to assess the factors associated with naloxone administration. Our logistic regression model used approximately 83% of the records; the remaining 17% had 1 or more missing values for analysis. The model had a 78.9% concordance rate, indicating that it correctly predicted EMS transport decisions 78.9% of the time. Using the area under the curve c statistic, we found the logistic regression model to be statistically significant (c = 0.797; cutoff = 0.7). 23 In examining the odds of naloxone administration within gender, we found that males were less likely to receive naloxone than females (AOR = 0.92; 95% CI = 0.89, 0.95; Table 2 ). Compared with the 0 to 19 years age group, the odds of naloxone administration were highest for the 20 to 29 years age group (AOR = 2.51; 95% CI = 2.34, 2.71) and lowest for the 60 to 99 years age group (AOR = 1.83; 95% CI = 1.67, 2.01). Using urbanicity as a reference point, the odds of naloxone administration were highest in the suburbs (AOR = 1.41; 95% CI = 1.32, 1.51), followed by rural environments (AOR = 1.23; 95% CI = 1.15, 1.30). The odds of naloxone administration in the wilderness were not significant.
The classic primary symptoms that prompt naloxone administration-breathing problems, change in responsiveness, and death-resulted in the highest odds of naloxone administration (breathing problems, AOR = 20.13; 95% CI = 16.93, 24.01; change in responsiveness, AOR = 13.70; 95% CI = 11.90, 15.88; death, AOR = 23.34; 95% CI = 17.86, 30.41). Higher odds of naloxone use were also present when the patient exhibited signs of fever, malaise, mental or psychological problems, and weakness (Table 2) .
Using EMT-basic as a reference point, the odds of naloxone use were highest for EMT-intermediates (AOR = 5.45; 95% CI = 4.55, 6.54), followed by EMT-paramedics (AOR = 5.16; 95% CI = 4.5, 5.95). For both physicians and nurses, the odds of naloxone administration were more than 3 times those of EMT-basics (physicians, AOR = 3.16; 95% CI = 2.18, 4.46; nurses, AOR = 3.57; 95% CI = 2.92, 4.36; Table 2 ).
To further demonstrate the burden of drug poisoning and the impact of potential naloxone administration by population density, Figure 1 shows the opioid overdose mortality rate and the odds of naloxone use within the 3 urbanicity categories of urban, suburban, and rural. For comparison purposes, the urban opioid mortality rate is at near parity with the urban use of naloxone (mortality rate = 2.53 per 100 000 people; odds of naloxone use = 1.0). The mortality rate is higher for suburban environments (3.23 per 100 000 persons), and the odds of naloxone use are 1.41 times higher than those for the urban environment. Both mortality rate and odds of naloxone administration increase in suburban environments (28% and 41%, respectively). In the rural environment, the burden is 45% higher (3.68 per 100 000 persons) than in the urban environment (2.53 per 100 000 persons); however, the odds of rural naloxone use increase only 22.5% compared with urban naloxone use. If naloxone was administered at parity with mortality burden across geographic levels, more lives might be saved in rural communities.
DISCUSSION
Recently, an Institute of Medicine panel 24 encouraged EMS systems and providers to assume a greater role in public health. Our study confirms that EMT-basic providers do not administer naloxone as often as other EMS providers, likely because of the limitations of the scope-of-practice model for basic life support providers. Rural communities are disproportionately affected by underutilization of naloxone. Because EMS personnel working in rural environments make up 20% of total EMS personnel and cover 80% of the US land mass, resource constraints and certification and scope-of-practice policies may combine to produce a large disparity in naloxone administration in drug overdose treatment in rural communities.
In general, surveillance systems that would help inform the health care system of the circumstances surrounding naloxone use are underdeveloped. Incorporating better outcome data into future versions of the NEMSIS data set will allow researchers to better evaluate medical interventions. However, our results also show that EMS personnel are administering naloxone when respiratory depression and central nervous system depression are present. These symptoms are 2 of the triad of classic symptoms and signs of an opioid overdose. 25 The odds of naloxone use were strong for change in responsiveness, weakness, and malaise.
Naloxone usage numbers are available on a study-by-study basis. Knowlton The common standard of emergency medicine practice currently indicates that naloxone only be given if there is respiratory depression or arrest, not for altered mental status.
Naloxone Impact
With respect to overdose cases, EMS providers are in a unique position in the health care system. EMS personnel may treat an opioid overdose case and never take that person to the hospital for additional treatment or care because of the patient's refusal to go to the emergency department against medical advice. Thus, traditional emergency department surveillance systems will miss many cases of opioid overdose. Naloxone administration by EMS providers, and frequent patient recovery, have also been associated with a large percentage of patients refusing to go to a hospital (18.5%---34%) for additional treatment or observation. 27---29 In some cases, patients do not want to go to the emergency department for additional monitoring once they have recovered. Naloxone wears off within 180 minutes, and the opioid-based drug can still be in a person's system. 30 In those cases, additional monitoring can theoretically save lives; however, in studies in San Antonio, Texas, and San Diego, California, involving 1550 overdose refusal of transports, no subsequent deaths were discovered. 27, 31 In response to increased fatal opioid overdoses, distribution programs that allow family members and friends to administer naloxone have been established. These programs have been successful in saving lives, as evidenced by a recent systematic review, 32 and have not been shown to increase overall mortality. 33 However, they have come under scrutiny because continued use of naloxone to reverse an opioid overdose does not directly address the drug user's core addiction problem. The literature has shown limited support for naloxone family distribution programs among EMS professionals. 34 However, overall acceptance and use of naloxone by bystanders and family members has occurred at a remarkable pace. In response to the epidemic, state legislatures and professional organizations are taking steps to improve access to naloxone, including providing naloxone to nonprofessional bystanders who may be drug users or the family and friends of people at risk for an opioid overdose. Also, many police Note. AOR = adjusted odds ratio; CI = confidence interval; EMT = emergency medical technician: OR = odds ratio. Read, n = 262 676; used in model, n = 217 333. Dash indicates confidence interval could not be calculated.
a We categorized urbanicity into 4 different groups (urban, suburban, rural, and wilderness) on the basis of an urban influence coding system used by the US Department of Agriculture and the Office of Management and Budget. These codes take into account county population size, degree of urbanization, and adjacency to a metropolitan area or areas.
departments are now equipping their officers with naloxone. In addition, poison control centers in the United States have recommended naloxone be used by laypersons to reverse opioid overdose, especially when the patient is in respiratory distress, 35 and the American Association of Poison Control Centers issued a statement along with the American Academy of Clinical Toxicology and the American College of Medical Toxicology to advocate for the expanded use of naloxone among bystanders. 36 As part of the health care process, dispatched EMS personnel routinely use naloxone in efforts to save lives at the scene of injury. However, EMT-basic providers are prohibited from administering naloxone in most states. Among EMS providers, naloxone has traditionally been administered intravenously or intramuscularly, but most evidence has suggested that intranasal naloxone is as effective as intravenous naloxone. 37, 38 However, some studies have shown that the mean time between naloxone administration and a clinical response was longer for intranasal administration, that its effectiveness may be lower, and that nasal administration required multiple administrations 39, 40 or follow-up intravenous doses. 41 Intramuscular injection of naloxone to opioid overdose patients has shown a high response rate (89%). 42 Recently, the US Food and Drug Administration has approved the use of naloxone intramuscular autoinjectors for use by family members. 43 However, whether by autoinjector or intranasally, EMT-basic providers in the majority of states are not authorized to administer naloxone.
Rural Burden
On a rate basis, the public health burden for opioid overdose is higher in rural populations. Most EMS personnel in rural areas are volunteers and have received EMT-basic training, which may lead to disparities in access and care between rural and urban populations. 44 Although EMT-paramedic service makes intuitive sense in remote areas far from hospitals, it is less likely to be present because of cost and run volume, a phenomenon termed the rural paramedic paradox by the National Association of State EMS Officials. 45 Fewer EMTparamedics and EMT-intermediates are available in rural areas, in which the public health burden for drug overdose is higher, contributing to health care disparity. The national model scope of practice has been adopted by many states as the minimum practice standard for EMS providers. EMT-basics are not able to treat opioid overdose other than through basic airway management. Although EMT-basic service can be adequate for brief periods of time, rural EMS transport is associated with longer transport times, resulting in greater chance of aspiration, hypoxia, and hypercarbia and the potential for increases in excess morbidity and mortality. 46---48 Expanded access to naloxone among EMT-basic providers provides an opportunity to address this disparity between the burden of injury and available resources.
Limitations
This study has several limitations. First, the data analyzed came from a convenience sample. The NEMSIS data set includes national-standard EMS-related data, but the registry is voluntary. As a result, the data may not be representative of the overall US population. Second, because EMS data do not contain a diagnosis or case, we had to select our sample on the basis of provider impression and dispatch complaint, which may have a higher sensitivity and lower specificity than emergency department data containing diagnosis codes. However, when EMS providers arrive at an injury scene, they use clues about the environment, information about the dispatched call, and patient symptoms to determine whether a drug overdose has occurred. This combined information tends to lead to an accurate assessment in drug overdose cases and is recorded in NEMSIS as the EMS provider's impression.
Third, inaccuracies in defining population density and years of death data occurred when we graphically overlaid opioid mortality rates onto naloxone administration. The death data were older than the EMS data because of availability. Fourth, given the rapidly expanding access to naloxone, it is possible that family members or others may be administering naloxone, resulting in a diminished need for EMT-basics to administer it.
Conclusions
When drug overdose primary prevention fails, EMS personnel are the health care system's first responders and are uniquely positioned to treat prescription opioid and heroin overdose cases. In rural communities, the following actions may position EMS responders to save more lives:
1. Obtaining additional EMS training to obtain the proper certification to administer pharmaceuticals such as naloxone. 2. Changing the scope of practice to allow EMT-basics to administer intranasal or intramuscular naloxone. This change may save lives and reduce the burden of complications from opioid or heroin overdose, particularly in the rural environment. 3. Improving EMS surveillance systems and ensuring their full integration into the health care system. Such data can also lead to better determination of the true incidence of opioid overdoses reversed by out-of-hospital naloxone administration. Such improvements may lead to rehabilitative services for and treatment of those addicted to opioids and heroin. 4. Developing universal and national guidance on naloxone administration. j
